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In this tutorial, we will show you:
- what caBIOperl can do for your clinical/research program.
– how caBIOperl fits into caCORE.
– how to get started with caBIOperl.
– how relational database tables are accessed with perl. 
– how to solve real research problems. 

Goals and Objectives
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Gene Levinson

15 years experience-- basic and clinical lab research.

Ph.D. in Molecular Genetics from U.C. Irvine.

Software dev., Technical training, IT experience

Bioinformatics Application Scientist, Terrapin Systems–
Contractor to NCICB.

Please, tell us what you would like to cover today!



Please– ask questions!!

?? ?   ?   ?? ?? ??



caBIO:
Rests on top of controlled vocabulary & standardized data elements

EVS
Enterprise Vocabulary Services

caDSR
Cancer Data Standards Repository

caBIO
Cancer Biology

Infrastructure Objects



Enterprise Vocabulary Services

http://ncicb.nci.nih.gov/core/EVS
NCI thesaurus: Neoplasms, Drugs, Anatomy, Genes, Proteins, 
Techniques and administrative terminology, others

Addresses need for a common vocabulary



Cancer Data Standards Repository
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metadata define data elements used in research studies

metadata define questions being asked, and range of permissible answers.

required for interpretation and computer processing of scientific data





Access to Java elements for Perl programmers:

EVS
Enterprise Vocabulary Services

caDSR
Cancer Data Standards Repository

caBIO
Cancer Biology

Infrastructure Objects

wrap, parse

SOAP XML

codecode



SOAP wrapper and XML access to caBIO via perl
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Perl for Web Services can be a chore.



Native way to access caBIO via caBIOperl API
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caBIOperl makes it easier to focus on investigator queries

@pathways = $gene ->getPathways() ;

Retrieving pathways:
Found caBIO Gene BRCA1
Found 5 associated Pathways

Name: h_atmPathway
Name: h_atrbrcaPathway
Name: h_bard1Pathway
Name: h_carm-erPathway
Name: h_g2Pathway

gene object instantiated; 
getPathways method called-
queries the database, returns 
pathway name fields



caBIOperl wraps lower-level SOAP API-- shields 
developers from SOAP calls and XML parsing . 

caBIOperl

XML and 
SOAP 

are “under the 
hood”



What can caBIOperl do for you?

Use native perl code to access caBIO objects in an 
object-oriented fashion;

Query a broad range of relational databases, using 
perl rather than SQL;

Query large, remote databases including genes, 
pathways, clinical trials, etc;

Navigate between objects, using perl code.



Getting Started: Set up perl

To see if Perl is present and accessible, type perl –version on 
command line.

Perl should be in your path.
Solaris/SunOS:

Binary at www.sunfreeware.com
Linux: probably already in package

If not, can get RPM at Linux-specific site, or at 
www.perl.org;

Windows: ActivePerl: 
http://www.activestate.com/Products/ActivePerl/



Getting Started: Perl Modules

Update your Perl installation with XML-DOM and SOAP-LITE:
– Windows: at command prompt:

• Type ppm, <ENTER>

• Type search dom <ENTER>

• Type install (number of XML-DOM entry) <ENTER>

• Do the same search for SOAP; install SOAP-Lite.



Getting Started: Perl Modules

Update your Perl installation with XML-DOM and SOAP-LITE:
– Unix: at command prompt: universal method, any UNIX 

platform– at command prompt:

perl -MCPAN -e shell

Refer to the CPAN documentation  for more 
details on how to use this command– at 
http://www.perldoc.com/perl5.6/lib/CPAN.
html



Getting started: caBIOperl download

http://ncicb.nci.nih.gov/download/index.jsp
Unzip the package:
– bin – config scripts
– doc- documentation
– examples 
– src

• gov/nih/nci/caBIO/bean: Perl modules

• t: perl test scripts for particular objects



Getting started: environment setup

Suppose you unzipped the package to directory C:\caBIOperl. There are 
two ways to set up your environment in order to access the caBIOperl 
package:
– Create or modify your environment variable PERL5LIB to include 

C:\caBIOperl\src. 

• Windows: Control Panel -> Systems -> Advanced; create/edit an 
environment variable PERL5LIB. 

– Modify the Perl environment variable @INC to include C:\caBIOperl\src



Getting started: caBIOperl config

– The standard distribution of the caBIOperl points to the caBIO 
server at cabio.nci.nih.gov, port 80. If you want to change them to 
point to your own designated location, you can run the 
setServer.pl and setPort.pl script in the caBIOperl\bin folder. 

Example:

– C:\caBIOperl\bin>setServer.pl 
my_cabio_server.my_company.com

– C:\caBIOperl\bin>setPort.pl 8080



caBIOperl API Documentation

Documentation in HTML

Readme describes setup and configuration

Key aspects related to each of the objects are shown in the index:
– Synopsis: minimal example of perl code to use that object
– Object creation, attributes, associated methods described.
– Associations indicate types of queries that can be imagined.
– Other information such as author, license.



caBIOperl Documentation 



Please– ask questions!!

?? ?   ?   ?? ?? ??



Some examples of code, using the caBIOperl API
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Gene symbols: used to search for pathways & taxons

Search object is 
instantiated; 



Gene symbols to pathways cont.

Taxon attribute is 
retrieved with getTaxon 
method; 

Pathways attribute  
retrieved with 
getPathways method; 



Gene symbols to pathways:  BRCA1 output



Gene symbols to pathways:  TP53 output



Several attribute searches using subroutines: gene = ATM



ATM: getGenes subroutine

1. Set the symbol with which to search

2. Define an array to receive the result set
3. Set up a search object that uses that result set

4. Call each attribute to search for as a method

5. Print the result



ATM: getGenes subroutine: retrieved name, title, locus 
link ID, cluster ID



ATM: getGoOntologys subroutine



ATM: getGoOntologys subroutine:



ATM: getSNPs subroutine



ATM: getSNPs subroutine



ATM: getMapLocations subroutine



ATM: getProteins subroutine



ATM: getMapLocations and getProteins subroutines



ATM: getGeneHomologs subroutine



ATM: getGeneHomologs subroutine



ATM: getAliases subroutine



ATM: getAliases subroutine



Please– ask questions!!

?? ?   ?   ?? ?? ??



NCICB App Support:  tel. 301-451-4384  
email ncicb@pop.nci.nih.gov



caBIOperl uses Apache OJB to query an Oracle 
relational database – usually a large, remote database.
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Object relational bridge



Summary

caBIOperl API allows access to WebServices without the need 
for SOAP wrappers.

caCORE provides object relational bridge such that searches can 
be performed with object instantiation.

Oracle relational database records are represented by Java 
objects– can be queried with Perl.

A range of objects of interest to cancer research-- and 
relationships between those objects– can be queried.

App support available 8 AM- 8 PM Eastern time, Monday –
Friday. 



Please– ask questions!!

?? ?   ?   ?? ?? ??



An optional review of the caBIOperl objects will follow.  An optional review of the caBIOperl objects will follow.  

Thank you for using caBIO!!



Appendix

A survey of some caBIO objects used by caBIOperl



caBIOperl objects
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Agent

A therapeutic agent (drug, intervention therapy) used in a clinical 
trial protocol.

Application: used primarily by CMAP and EVS applications.

Related domain objects: ClinicalTrialProtocol, Target



CABIOOP:agent (oracle table)



Anomaly

An irregularity in either the expression of a gene or its structure 
(i.e., a mutation).

Application: defined and used by the CMAP project.

Related domain objects: Histopathology, Target



CABIOOP:anomaly



Chromosome

An object representing a specific  chromosome for a specific 
taxon; provides access to all known genes contained in the 
chromosome and to the taxon.

Application: used by CMAP and other applications to reason 
about the molecular basis of cancer.

Related domain objects: Gene, Taxon



CABIOOP:chromosome



ClinicalTrialProtocol

The protocol associated with a clinical trial; 

organizes administrative information about the trial

such as Organization ID, participants, phase, etc.

provides access to the administered Agents.

Application: used primarily by CMAP.

Related domain objects: Agent, ProtocolAssociation



PROTOCOLOP:clinicaltrial



Clone

An object used to hold information pertaining to I.M.A.G.E. 
clones; provides access to sequence information, associated 
trace files, and the clone’s library.

Application: imported from the CGAP web site databases.

Related domain objects: Sequence, Library, TraceFile, SNP



CABIOOP:clone



CMAPOntology

An object providing entry to the CMAP gene ontology, which 
categorizes genes by function; provides access to gene objects 
corresponding to the ontological term, as well as to ancestor and 
descendant terms in the ontology tree.

Application: defined and used by CMAP applications.

Related domain objects: CMAPOntologyRelationship, Gene



CABIOOP:concept



Disease

Specifies a disease name and ID; also provides access to: 
ontological relations to other diseases; clinical trial protocols 
treating the disease; and specific histologies associated with 
instances of the disease.

Application: used by the CMAP project.

Related domain objects: ClinicalTrialProtocol, Histopathology, 
DiseaseRelationship



ExpressionFeature

Associated with a Gene object through the gene’s method 
getExpressionFeature(); provides access to the list of organs 
where the gene is known to be expressed.

Application: Expression information for a gene is extracted from
the CGAP databases, which are based on the information in 
Unigene (see discussion of data sources in Chapter 
15_The_CaBIO_Data).

Related domain objects: Organ, Gene.



ExpressionMeasurement

An object representing a structure that is capable of measuring 
the absolute or relative amount of a given compound.

Related domain objects: Gene, Sequence



ExpressionMeasurementArray

An array of ExpressionMeasurement objects.

Related domain objects: Gene, Sequence



Gene

The effective portal to most of the genomic information provided
by the caBIO data services;

organs, diseases, chromosomes, pathways, sequence data, and 
expression experiments are among the many objects accessible 
via a gene.

Related domain objects: ExpressionFeature, Organ, Disease, 
Chromosome, Taxon, Sequence, GeneAlias, GeneHomolog, 
MapLocation, Protein, SNP, Target, ExpressionMeasurement, 
Pathway, GoOntology



CABIOOP:gene



GeneAlias

An alternative name for a gene; provides descriptive information
about the gene (as it is known by this alias), as well as access to 
the Gene object it refers to.

Related Domain Objects: Gene



GeneHomolog

Defined only in relation to another Gene object of interest, the
functional equivalent of that gene in another taxon (i.e., its 
ortholog). The GeneHomolog is a specialization of the parent 
Gene object; in addition to all of the methods provided by the 
gene interface, the homolog object provides the percent of 
sequence similarity of the homolog to the related gene of interest.

Related domain objects: Gene, ExpressionFeature, Organ, 
Disease, Chromosome, Taxon, Sequence, GeneAlias, 
GeneHomolog, MapLocation, Protein, SNP, Target, 
ExpressionMeasurement, Pathway, GoOntology



CABIOOP:gene_homolog



GoOntology

An object providing entry to a Gene object’s position in the Gene 
Ontology Consortium’s controlled vocabularies, as recorded by 
LocusLink; provides access to Gene objects corresponding to the 
ontological term, as well as to ancestor and descendant terms in
the ontology tree.

Related domain objects: Gene, GoOntologyRelationship



CABIOOP:GoOntology



Histopathology

An object representing anatomical changes in a diseased tissue 
sample associated with an expression experiment; captures the 
relationship between organ and disease.

Application: used by the CMAP project.

Related domain objects: Anomaly, Organ, Disease, 
ExpressionExperiment,  ESTExperiment, SAGEExperiment



Library

An object representing a CGAP library; provides access to 
information about: the tissue sample and its method of 
preparation, the library protocol that was used, the clones 
contained in the library, and the sequence information derived 
from the library.

Application: Extracted from the CGAP databases.

Related domain objects: Clone, Sequence, Tissue, Protocol



MapLocation

Associated with a Gene object, the physical map location of the 
gene.

Related domain objects: Chromosome, Gene, Taxon.



Organ

A representation of an organ whose name occurs in a controlled 
vocabulary; provides access to any Histopathology objects for 
the organ and, because it is “ontolog-able,” provides access to its 
ancestral and descendant terms in the vocabulary.

Related domain objects: Histopathology, OrganRelationship



Pathway

An object representation of a molecular/cellular pathway 
compiled by BioCarta. Pathways are associated with specific 
Taxon objects, and contain multiple Gene objects, which may be 
targets for treatment.

Related domain objects: Gene, Taxon, TargetTarget.



Protein

An object representation of a protein; provides access to the 
encoding gene via its GenBank ID, the taxon in which this 
instance of the protein occurs, and references to homologous 
proteins in other species.

Related domain objects: Gene, ProteinHomolog,



ProteinHomolog

Defined only in relation to another Protein object of interest, the 
functional equivalent of that protein in another taxon (i.e., its 
ortholog). The ProteinHomolog is a specialization of the parent 
Protein object; in addition to the methods provided by the parent 
class, the Homolog object provides the percent of sequence 
similarity of the homolog to the related protein of interest.

Related domain objects: Gene, Protein, Taxon.



Protocol

An object representation of the protocol used in assembling a 
clone library.

Related domain objects: Library



ProtocolAssociation

An association class relating ClinicalTrialProtocols to Diseases.

Application: used primarily by the CMAP project.

Related domain objects: ConceptSearch, ClinicalTrialProtocol, 
Disease



Sequence

An object representation of a gene sequence; provides access to 
the clones from which it was derived, the ASCII representation of 
the residues it contains, and the sequence ID.

Related domain objects: Clone, Gene, Protein



SNP

A Single Nucleotide Polymorphism; provides access to the 
clones and trace files from which it was identified, the two most 
common substitutions at that position, the offset of the SNP in the 
parent sequence, and a confidence score.

Application: identified by the GAI project.

Related domain objects: Clone, TraceFile



Target

A gene thought to be at the root of a disease etiology and 
targeted for therapeutic intervention.

Application: defined and used by the CMAP project.

Related domain objects: Agent, Anomaly, Gene



Taxon

An object representing the various names (scientific, common, 
abbreviated, etc.) for a species associated with a specific Gene, 
Chromosome, Pathway, Protein, or Tissue object.

Related domain objects: Gene, Chromosome, Pathway, Protein, 
Tissue



Tissue

A group of similar cells united to perform a specific function.

Related domain objects: Disease, Organ, Protocol, Taxon



Please– ask questions!!

?? ?   ?   ?? ?? ??



Thank you for using caBIO!!


